Eighteen rice genotypes were evaluated for studying genetic parameters and genetic divergence for yield contributing characters and gall midge resistance at Regional Agricultural Research Station, Jagtial, Telangana. Analysis of variance revealed the presence of significant variability in experimental material for all the traits under study. Heritability estimates and genetic advance values indicated that percent of galls, effective bearing tillers plant -1 , 1000 grain weight and number of grains panicle -1 were predominantly governed by additive genes which could be improved through proper selection in desirable direction, whereas, non additive genes played dominant role in the inheritance of days to 50% flowering, plant height and panicle length which could be improved through heterosis breeding. Mahalanobis D 2 analysis distributed 18 genotypes into three clusters with cluster I containing maximum number of genotypes (14). Maximum inter cluster distance (10.48) was observed between cluster II and cluster III indicating wider genetic diversity, hence, crosses involving parents belonging to these clusters likely to produce wide variability and transgressive segregants with high heterotic effects. Genotypes JGL 19607, JGL 21820, JGL 3844 (cluster II) and JGL 23745 (cluster III) exhibited least gall midge incidence which could be utilized as parents in developing gall midge resistance genotypes. 1000 grain weight and days to 50% flowering were contributed maximum (75.16%) to the total divergence which could be given due importance during hybridization and selection in segregating populations. 
Introduction
Rice is the most important cereal in the world and serves as essential food grain in the diets of hundreds of millions of Asians, Africans and Latin Americans living in the tropics and sub tropics. However, the rate of increasing rice production is slowing down due to various abiotic factors like climate, soil, nutrient management practices etc. and biotic factors like pest and disease prevalence. The Asian gall midge (Orseolia oryzae) incidence is common in India and regions like northern Telangana, Vidharba (Maharastra), Sambalpur (Orissa) and coastal Karnataka are endemic to this pest where moderate to severe yield losses occurs (Krishnaiah and Varma, 2011) . In India gall midge damage causes an average annual yield loss of about 477 thousand t of grain or 0.8% of the total production amounting to US$ 80 million (Bentur et al., 2003) . Over the period in India, number of high yielding varieties with gall midge resistant has been developed in public and private sector. But the emergence of new virulent biotypes of gall midge in popular rice varieties is capable of overcoming resistance and this is a cause for concern (Lingaraj et al., 2008) . Spreading of the new virulent biotypes to new areas draws the attention of entomologists and breeders to keep continuous monitoring for new biotypes and breeding for gall midge resistant varieties to avoid future out breaks. Gall midge being a entophytic, breeding rice varieties has been a viable and ecologically acceptable approach to manage this pest (Henrichs and Pathak, 1981) . Apart from the resistance to various pest and diseases, there is a need to develop varieties with improved yield and other desirable agronomic traits. The need for improving productivity by exploiting available variability in the rice germplasm has been long left. Knowledge on the nature and magnitude of genetic variation present in the available germplasm for various quantitative characters like yield and its components is essential for effective genetic improvement. A critical analysis of genetic variability is a pre-
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requisite for initiating any crop improvement programme and for adopting of appropriate selection techniques. Variability present in germplasm for various agronomic traits is the key component of breeding programmes for broadening the genetic base. Once genetic variability is ascertained, crop improvement through appropriate selection can proceed. The available variability in a population can be partitioned into heritable and non heritable parts with the aid of genetic parameters such as coefficient of variation, heritability and genetic advance (Miller et al., 1958) . Heritability estimates provides the information about the proportion of variability transmitted to the subsequent generations. Genetic advance provides information on expected genetic gain resulting from selection of superior genotypes. Variability through various genetic parameters in rice populations have been studied by several workers like Yaqoob et al. (2012) ; Kumar et al. (2014) . Selection of desirable segregants from segregating populations could be achieved through the inclusion of most divergent parents in breeding programme. The pace and magnitude of genetic improvement are generally dependent on the amount of genetic diversity present in a population (Kumbhar et al., 2015) . Genetic divergence determines the inherent potential of a cross for hybrid vigour and frequency of desirable recombinants in subsequent generations. Murthy and Arunachalan (1966) emphasized the importance of genetic diversity existing in the germplasm. Several workers viz., Roy and Panwar (1993) ; Bose and Pradhan (2005) ; Ramya and Kumar (2008) ; Ramanjaneyulu et al. (2014) used D 2 statistics for estimation of genetic divergence in the populations. Therefore, knowledge about the genetic diversity present in the germplasm for different yield traits and pest tolerance is the key information for any breeder for initiation of breeding programme for crop improvement. In this context, present study was undertaken to study the variability present in the experimental material for various yield parameters and identifying the high yielding and gall midge resistant genotypes based on diversity analysis.
Materials and Methods
The experimental material for present study was comprised of 18 rice cultivars (Table 1 ) developed through pedigree method of breeding at Regional Agricultural Research Station (RARS), Jagtial, Telangana, India. The material was laid out in a randomized block design during kharif, 2014 at RARS, Jagtial. 25 days age old seedlings of each entry was transplanted in 10.44 m 2 area with three replications by adopting spacing of 15×15 cm 2 between the rows and within the row. Two seedlings were planted at each hill. The crop was grown with the application of N, P and K fertilizer @ 100, 50 and 40 kg ha -1 respectively. All recommended package of practices and need based plant protection measures were followed to raise a good crop. Data were recorded at maturity on 10 random plants for each entry in each replication for effective bearing tillers plant -1 , plant height (cm), panicle length (cm) and number of grains panicle -1 . Days to 50% flowering and grain yield ha
were recorded on whole plot basis, whereas, random sample was used to estimate 1000 grain weight (g) for each entry in each replication. Northern Telangana zone is the hot spot for gall midge incidence where natural screening of this pest could result in identification of resistance genotypes. Moreover, as gall midge incidence is severe in late sown conditions, the experimental material was sown late for obtaining more incidence, and the data onpercent of galls was recorded as per IRRI, SES (2002) . The mean data after computing for each trait was subjected to analysis of variance (Panse and Sukhatme, 1985) , genotypic and phenotypic coefficients of variation (Falconer, 1981) , heritability (h 2 ) in the broad sense (Allard, 1960) and genetic advance (Burton, 1952) following standard procedures. The analysis of genetic divergence was done using Mahalanobis (1936) D 2 statistics. Grouping of genotypes into clusters was carried out following Tocher's method (Rao, 
Results and Discussion
Analysis of variance (Table 2) . revealed significant differences among the genotypes for all the characters studied indicating the presence of considerable amount of variability among the genotypes for percent of galls and yield parameters. Significant genetic variation in various component characters might be effective. Mean data (Table 3) . on various characters revealed ) was observed for JGL 20668. The extent variability with respect to studied quantitative characters was measured in terms of mean, range, PCV, GCV, heritability and genetic advance (Table 4 ). Higher PCV values than GCV indicating the role of environmental forces in the inheritance of these traits. Similar findings were earlier reported by Vanisree et al. (2013) ; Ketan and Sarkar. (2014) . Higher PCV and GCV values were observed for percentage of galls followed by number of grains panicle -1 and 1000 grain weight which could be improved through selection in desirable direction, whereas, moderate values for effective bearing tillers plant -1 and low values for days to 50% flowering, plant height, panicle length and grain yield indicating less variability among genotypes for these traits. These results are in agreement with findings of Mohan et al. (2015) ; Toshimenla and Sapu (2013) . All the characters except percent of galls exhibited small difference between PCV and GCV indicated the presence of high genetic variability and less interference of environment on expression of these traits which may facilitate selection (Yadav, 2000) , whereas, in case of percent of galls more difference indicated susceptibility of this trait to environmental fluctuations. These findings are similar to earlier reports of Mohan et al. (2015) Heritability indicates the extent to which a trait is transmitted to its progeny. High heritability estimates were recorded for all characters studied indicated that these traits could be improved through selection based on their phenotype except for percentage of galls and panicle length which exhibited low and moderate levels of heritable estimates, respectively. These results are similar to findings of Ramanjaneyulu et al. (2014) for 1000 grain weight and grain yield, Mohan et al. (2015) for days to 50% flowering, Fukrei et al. (2011) for plant height and effective bearing tillers and Das (2015) for panicle length and number of grains panicle -1 . Selection of best genotypes based on both heritable estimates and genetic advance values is more reliable than selecting based on heritable values alone, because observed variation in a population is due to both factors i.e., genetics and environmental whereas, genetic variability is the only heritable in nature so the heritability alone does not give an idea about the expected gain in the next generation therefore it has to be considered in combination with the genetic advance. The characters those exhibit maximum heritability and high genetic advance as percentage of mean could be used as powerful tool in selection process, such characters are controlled by the additive genes and less influenced by the environment (Panes and Sukhatme, 1995) . In the present study, high heritability estimates coupled with high genetic advance values were observed for effective bearing tillers plant -1 , 1000 grain weight and number of grains panicle -1 which indicated that these traits were predominantly governed by the additive genes which could be improved through simple selection procedures. Similar results were reported by Fukrei et al. (2011) for effective bearing tillers plant -1 , Toshimenla and Sapu (2013) for 1000 grain weight and Babu et al. (2012) for number of grains panicle -1 . High heritability and low values of genetic advance were recorded for days to 50% flowering and plant height, whereas, panicle length exhibited moderate levels of heritability estimates and low genetic advance value indicating that these traits are under control of non-additive genes and improvement of these traits through mere selection is not useful, therefore, breeder should go for heterosis breeding and recurrent selection methods for improvement of these characters. These results are in conformity with the findings of Vanisree et al. (2013) ; Ketan and Sarkar (2014) . Even though rice is a strictly self pollinated crop, many researchers (Ramiah and Ramaswamy, 1941 and Oka, 1957) confirmed the occurrence of heterosis and many of the released hybrid rice varieties have shown 15−20% higher yield potential than the best inbred variety grown under similar conditions. Availability of CGMS system in rice could enable the breeders for commercial exploitation of heterosis through development of new male sterile and potential restorer lines. As several reports indicated the decreasing of genetic gains obtained by different breeding methods around the world, there is an urgent need to improve the populations. However, recurrent selection is not a common breeding methodology choice in rice which is a self pollinated crop, Fujimaki (1979) suggested its application in rice for increases the frequencies of favorable alleles using male sterility. Grain yield recorded high heritability and moderate genetic advance indicated the role of both additive and non-additive genes in inheritance of this complex trait, these results are similar to findings of Ketan and Sarkar (2014) . The trait percent of galls expressed moderate heritability and high genetic advance which indicated the predominance of additive genes in governing the inheritance of this trait and selection based on phenotype could be done in the negative direction to eliminate or reduce the trait in successive breeding populations. Mohan et al. (2015) through his findings reported that as gall midge resistance is a qualitative trait, selection for such character is easier in negative direction.
Eighteen genotypes were grouped into three clusters (Table 5) of which cluster I was the largest comprising of 14 genotypes followed by cluster II and III comprising 3 and 1 genotypes each respectively. Intra and inter cluster distance values (Table  6 ) revealed zero intra cluster distance values for cluster III. Ramanjaneyulu et al. (2014) stated that unidirectional selection practices in the past may results in uniform features with less divergence among the genotypes of similar cluster with low intra cluster distance, whereas, considerable level of intra cluster distance in clusters I and II indicated that genotypes from these clusters could be selected based on highest mean values for desirable traits. It was reported that genotypes within the cluster with high degree of divergence would produce more desirable breeding material for achieving maximum genetic advance. From the inter cluster distancevalues it was clear that highest divergence occurred between cluster II and III (10.48) followed by cluster I and III (7.49) and cluster I and II (6.34) indicating the presence of greater diversity between genotypes of these groups. Hence, crossing between genotypes belonging to these clusters may result in high heterosis, which could be exploited in crop improvement.
Crosses involving parents belonging to most divergent clusters would be expected to manifest maximum heterosis and wide variability of genetic architecture (Soroush et al.,2004) . Considerable amount of variation among the cluster means (Table 7) . was observed for number of grains panicle -1 and 1000 grain weight compared to other traits studied indicating the presence of ample diversity for these trait in experimental material. Genotypes of cluster I were characterized by early in flowering but more incidence of galls, whereas, cluster II genotypes recorded more number of grains panicle -1 and low 1000 grain weight, on the contrary, cluster III genotype was characterized by more 1000 grain weight and less number of grains panicle -1 . Therefore, genotypes from clusters II and III could be selected to develop fine grain and bold grain varieties, respectively and genotypes from cluster I could be selected for developing the early genotypes. With regard to gall midge resistance, genotypes from cluster II and III which recorded least cluster means for percent of galls could be used in the breeding programme for obtaining segregants with resistant to gall midge. Similar findings were reported by Mohan et al. (2015) . The percent contribution of each trait (Table 7) towards total divergence showed that 1000 grain weight and days to 50% flowering contributed maximum suggesting that these traits may be useful for selecting the most diverse lines in segregating populations, whereas, remaining traits contributed least towards divergence which are of less importance in selection of diverse parents. Similar results were reported by Sabesan et al. (2009) for days to 50% flowering, Banumathy et al. (2010) for plant height and effective bearing tillers, Garg et al. (2011) for panicle length and number of grains planicle -1
and Kumar et al. (2014) ; Mohan et al. (2015) for 1000 grain weight, grain yield and percent of galls. As, 1000 grain weight and days to 50% flowering exhibited more contribution to the divergence, the present experimental material could be used for developing rice varieties with desirable grain types and maturity durations.
Conclusion
Genotypes from clusters II and III could be used in breeding programme to produce desirable transgressive segregants. The genotype JGL 23745 was identified as a potential source for developing gall midge tolerant lines, and the present experimental material could be used for deriving the lines of different maturity groups and grain types. Heterosis could be exploited through development of new male sterile lines and potential restorers with the use of available cytoplasmic genetic male sterile sources, further, recurrent selection could be practiced to avoid further narrowing down of genetic base in rice germplasm.
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